Introduction: Apalutamide and enzalutamide are next-generation androgen receptor inhibitors that demonstrated efficacy in placebo-controlled studies (SPARTAN for apalutamide; PROSPER for enzalutamide) when used in combination with androgen deprivation therapy (ADT) for treatment of non-metastatic castration-resistant prostate cancer (nmCRPC). In the absence of comparative studies between these agents, the present study sought to indirectly compare metastasis-free survival (MFS) and overall survival (OS) in patients with nmCRPC who received these therapies. Methods: Individual patient-level data from SPARTAN (apalutamide plus ADT) and published data from PROSPER (enzalutamide plus ADT) were utilized. An anchored matching-adjusted indirect comparison (MAIC) was conducted by weighting the patients from the SPARTAN study to match baseline characteristics reported for PROSPER. Hazard ratios (HRs) for MFS and OS were re-estimated for SPARTAN using weighted Cox proportional hazards models and indirectly compared with those of PROSPER using a Bayesian network metaanalysis. Results: From the SPARTAN population (N = 1207), a total of 1171 patients were matched to the PROSPER population (N = 1401).
for apalutamide versus ADT based on the reweighted SPARTAN data to mimic the PROS-PER patient population were 0.26 (0.21; 0.33) for MFS and 0.62 (0.41; 0.94) for OS. MAICbased HRs (95% credible interval) for apalutamide versus enzalutamide were 0.91 (0.68; 1.22) for MFS and 0.77 (0.46; 1.30) for OS. The Bayesian probabilities of apalutamide being more effective than enzalutamide were 73.6% for MFS and 83.5% for OS. Conclusions: MAIC results suggest that nmCRPC patients treated with apalutamide have a higher probability of a more favorable MFS and OS compared with those treated with enzalutamide.
Keywords: ADT; Apalutamide; Enzalutamide; M0CRPC; Non-metastatic castration-resistant prostate cancer
Key Summary Points
Why carry out this study?
Apalutamide and enzalutamide are nextgeneration androgen receptor inhibitors approved by the US Food and Drug Administration for the treatment of nonmetastatic castration-resistant prostate cancer (nmCRPC) Both apalutamide (SPARTAN) and enzalutamide (PROSPER) have been studied in combination with androgen deprivation therapy (ADT) in placebocontrolled studies in men with nmCRPC, but no studies have directly compared metastasis-free survival (MFS) and overall survival (OS) associated with these agents What did the study ask?
The present study sought to indirectly compare MFS and OS for these agents What was learned from the study?
Results from the present matchingadjusted indirect comparison suggest that nmCRPC patients treated with apalutamide have a higher probability of a more favorable MFS and OS compared with those who received enzalutamide INTRODUCTION While androgen deprivation therapy (ADT) has been part of the standard treatment for prostate cancer for decades, most men become resistant to this treatment over time and develop castration-resistant prostate cancer (CRPC) [1] . Over the past years, new treatments for CRPC have been investigated for patients in the metastatic state [2, 3] .
Preventing or delaying progression to metastatic disease is an area of unmet clinical need among patients with non-metastatic CRPC (nmCRPC) [4] . Two next-generation androgen receptor inhibitors, apalutamide and enzalutamide, respectively, have been studied in the phase III SPARTAN and PROSPER randomized, placebo-controlled clinical studies in patients with nmCRPC who were at a high risk of developing metastasis [defined by rapidly rising prostate-specific antigen (PSA) levels], and data supporting achievement of primary endpoints have been published [5, 6] . Based on the results of these studies, apalutamide and enzalutamide have both recently been approved by the US Food and Drug Administration (February 2018, and July 2018, respectively) for nmCRPC treatment based on metastasis-free survival (MFS) as the primary efficacy endpoint [5, 6] . The National Comprehensive Cancer Network, the American Urological Association, and the European Association of Urology recommend that clinicians offer apalutamide or enzalutamide with continued ADT to patients with nmCRPC at high risk of developing metastases, as defined by a PSA doubling time (PSADT) of B 10 months [7] [8] [9] , while French guidelines recommend the use of apalutamide or enzalutamide with continued ADT to patients with nmCRPC regardless of the risk of progression [10] .
In both the SPARTAN and PROSPER studies, MFS results were statistically significant, while analyses on overall survival (OS) showed a consistent trend without reaching statistical significance because of the immature OS data in both studies [5, 6] . A total of 1207 patients were randomized in SPARTAN. In the primary analysis, apalutamide ? ADT (hereafter referred to as apalutamide) was associated with a significant 72% reduction in risk of metastasis or death compared with placebo ? ADT (ADT; p \ 0.001). In addition, apalutamide was associated with a non-significant 30% reduction in risk of death compared with ADT at the first interim analysis (p = 0.07) [6] . In PROSPER, 1401 participants were randomized. In primary analyses, enzalutamide ? ADT (hereafter referred to as enzalutamide) significantly reduced the risk of metastasis or death by 71% compared with ADT (p \ 0.001). Enzalutamide was associated with a 20% lower risk of death at the first interim analysis though this difference was not statistically significant (p = 0.15) [5] .
A recent meta-analysis combining evidence from both studies showed a statistically significant OS benefit across both treatments, assuming a class effect [11] . It is important to note that this meta-analysis was based on a random effects model, which conceptually allows variability in treatment effect between both treatments within the class. This variability in treatment effect within the class is the scope of the current analysis.
Indirect comparisons that rely on aggregate data without accounting for differences between the studies in patient baseline characteristics are prone to significant bias because of differences in study populations [12, 13] . This potential for bias is largely overcome using a matching-adjusted indirect comparison (MAIC), which reweights individual patient data (IPD) for one study so that measured baseline characteristics in this study match the aggregate baseline characteristics reported for the study of the comparator treatment [14, 15] . The method corrects for potential biases caused by imbalances in patient characteristics that may have an impact on the relative treatment effect, allowing for indirect comparison with limited bias [16] . MAIC modeling has provided strong comparative evidence in the absence of head-to-head studies in various disease settings [17] [18] [19] . When studies use the same comparator, such as placebo plus ADT in the case of SPARTAN and PROSPER, MAIC is considered an appropriate methodology to examine comparative effectiveness [16] .
This study aims to compare the efficacy of both treatments using the MAIC method, which enables the comparison between IPD for one drug and published data for another drug [15] .
METHODS
This article is based on previously conducted studies and does not involve any new studies of humans on either therapy. This study used IPD from the SPARTAN study [20] and aggregate data from the PROSPER study [5] . The efficacy analyses were based on the intent-to-treat (ITT) populations from both studies, which included adult men with nmCRPC. The SPARTAN ITT population included 1207 patients (806 randomized to the apalutamide arm and 401 to the ADT arm) [20] , whereas the PROSPER ITT population included 1401 patients (933 randomized to the enzalutamide arm and 468 to the ADT arm) [5] .
The definitions and assessment methods of the endpoints used in the SPARTAN and PROSPER studies were reviewed to determine comparability of endpoints between the two studies. Since MFS was defined differently in the two studies, the present study used the PROS-PER study definition of MFS, which was the time from randomization to radiographic progression or death within 112 days of treatment discontinuation.
Statistical Analyses
Analyses were conducted using SAS 9.4, R 3.5.0, and Winbugs 1.4.3. An anchored MAIC analysis was performed by using IPD from SPARTAN and published aggregate baseline data from PROS-PER to match SPARTAN patient characteristics to those in PROSPER via inverse probability weighting. This step aimed to use SPARTAN patients to create a population identical to that of PROSPER and to indirectly compare efficacy endpoints between patients initiated on either apalutamide or enzalutamide.
All clinically relevant baseline characteristics reported in PROSPER that could potentially affect relative treatment effects were considered in the matching process. In this approach, individual patients enrolled in SPARTAN were assigned weights such that: (1) the weighted mean or median baseline characteristics in SPARTAN closely matched those reported in PROSPER, and (2) each patient's weight was equal to his estimated odds of enrollment in SPARTAN versus PROSPER. Weights meeting these conditions were obtained from a logistic regression model for the propensity of enrollment in SPARTAN versus PROSPER, estimated using the method of moments as described by Signorovitch et al. [15] . The baseline characteristics adjusted for included age, baseline PSA and PSADT, Eastern Cooperative Oncology Group performance status, total Gleason score, use of bone-targeting agents, and baseline history of surgical prostate cancer procedures. Patients from SPARTAN missing any of the matched-on characteristics were excluded from the sample.
Step 1: Recalculation of Hazard Ratios from SPARTAN In a first step, re-analysis of the SPARTAN study endpoints comparing apalutamide and ADT was conducted using the SPARTAN MAIC-weighted population. A weighted Cox proportional hazards regression analysis using a robust estimator for the variance was performed to estimate the hazard ratios (HRs) for the endpoints of interest for apalutamide versus ADT with the MAICweighted SPARTAN study data, applying the definition of MFS as used in the PROSPER study. A sensitivity analysis was performed using the original SPARTAN publication MFS definition (original SPARTAN MFS) [20] .
Step 2: Bayesian Network Meta-Analysis In a second step, the updated HRs for SPARTAN estimated in the previous step were compared with the reported HRs from PROSPER to estimate the HRs for apalutamide versus enzalutamide using a Bayesian framework [15, 21] with ADT as the common comparator across both studies. Bayesian models were used to compare MFS and OS in the two studies. Noninformative prior distributions were used. Due to the limited number of studies in the networks, only fixed-effects models are presented, and random-effects models were not considered because of a lack of information to estimate between-study variability. These analyses were conducted according to the methods described in the National Institute for Health and Care Excellence (NICE) Decision Support Unit Technical Support Documents [22, 23] . The prior probability distributions were chosen based on the NICE recommendations [22, 23] .
RESULTS
Prior to matching, the SPARTAN and PROSPER patient populations differed regarding median PSADT (4.4 vs. 3.7 months) and percentage of patients with PSADT \ 6 months (70% vs. 77%). Compared with the PROSPER population, the unmatched SPARTAN population had lower median serum PSA at baseline (7.80 vs. 10.80). After matching, baseline characteristics were balanced between the two studies. A total of 36 patients from SPARTAN with missing information for matched-on variables were excluded ( Table 1) .
Demographic and disease characteristics of the original and MAIC-weighted SPARTAN populations are presented by treatment arm in Supplemental Table S1 . , P(HR \ 1) 73.6%}, where P is the Bayesian probability that apalutamide has MFS benefit compared with enzalutamide. Figure 1 shows the posterior distribution of the HR of MFS , p = 0.024; Table 2 ]. This difference was mainly driven by the adjustment for the differences in PSADT (% with PSADT \ 6 months and median PSADT), since the relative benefit of active treatment is more pronounced in patients with a shorter PSADT.
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The HR for OS was in favor of apalutamide [HR (95% CrI) 0.77 (0.46; 1.30)], with an 83.5% probability that apalutamide has greater survival benefit versus enzalutamide ( Table 3 ). The posterior distribution of the HR of OS between apalutamide and enzalutamide is presented in Fig. 2 . 
DISCUSSION
This study indirectly compares a similar definition of efficacy of apalutamide and enzalutamide when used concurrently with ADT for the treatment of men with high-risk nmCRPC using efficacy data from clinical studies of these novel hormonal treatments. After balancing important measured differences in baseline characteristics between the two studies, results suggest that among men with nmCRPC, apalutamide may have advantages for MFS and for OS compared with enzalutamide. While the primary aim of the registration studies was to delay metastatic progression in patients with nmCRPC, OS is also regarded as a pertinent outcome among these patients. In PROSPER, 32 of 219 (15%) patients died without documented radiographic progression within 112 days of treatment discontinuation, whereas in SPARTAN, 10 of 378 (2.6%) patients died when applying the same definition [5, 6] . This difference in rates of deaths has contributed to a higher probability of apalutamide being the treatment that is more effective in preventing death in this analysis.
Recently, Wallis et al. published results from a similar indirect comparison between apalutamide and enzalutamide with objectives similar to the current manuscript, albeit with different conclusions [24] : the authors did not find any significant differences on any endpoints and concluded that both treatments are similarly effective in delaying metastases for patients with nmCRPC [24] . It is important to clarify that differences in results and conclusions are driven by differences in the methodologic approaches. Wallis et al. applied the Bucher technique [12] , which is a simple, easy to implement frequentist statistics approach generating a classic CI around the point estimate with a classic p value, while the current analysis uses a Bayesian anchored MAIC approach. Indirect comparisons like the Bucher approach are assumed to generate unbiased estimates as long as no differences exist across studies in patient characteristics that have interaction with treatment (i.e., treatment effect modifiers) [25] . The present study showed that this assumption does not hold. The SPAR-TAN and PROSPER patient populations differ on important characteristics that do impact the relative treatment effect versus ADT. More specifically, the differences in baseline PSADT may bias results since the relative treatment effect of active treatment versus ADT is higher in patients who have shorter PSADT. This provides supporting evidence for the use of anchored MAIC, which is a commonly accepted way to address this potential bias of simple approaches to generate indirect evidence. Moreover, the methodology of the present study conforms to that described in the NICE Decision Support Unit Technical Support Documents [22, 23] . As mentioned, availability of patient-level data for one of the studies is needed to implement the approach. By reweighting the SPARTAN patient data, the HRs for apalutamide versus ADT were calculated in a patient population similar to that of the PROSPER study. This approach aims to remove the bias caused by differences between patient populations [15, 22] .
A second important difference between the two approaches is the statistical approach taken and the related interpretation of the results. The Bucher approach (used by Wallis et al.) generates results in a frequentist statistics framework, which is known to lack statistical power [26] . This is because the standard error of the indirect comparison estimate is based on the simple addition of the two variances from the original studies, which always leads to more uncertainty. This often means that indirect comparisons do not reach formal statistical significance at the 5% alpha level according to the frequentist statistics interpretation, while there are clear indications of differences between treatments. A conventional frequentist approach, like that applied by Wallis et al., dichotomizes results to be either significant or non-significant, based on the chosen significance level. This is not well suited for decision-making, as it does not indicate the probability of the hypothesis being true or false. Given that both treatments are available to patients without a formal head-to-head comparison, the more relevant question is, ''How likely it is that, provided the available evidence, one treatment is more beneficial than the other?'' This question is addressed by the Bayesian statistical approach and is thus more suited in this decision context. The probabilistic interpretation of Bayesian indirect treatment comparison results enables stating, taking into account all available evidence, the extent to which a hypothesis is true or false; for example, in our case the probability that apalutamide provides benefits in terms of MFS and OS compared with enzalutamide in nmCRPC patients is 74% and 83%, respectively. This approach is more relevant for clinical and reimbursement decision-making than the classic frequentist approach [25] .
Current guidelines do not recommend one agent over the other for patients with nmCRPC due to the absence of head-to-head comparisons of apalutamide and enzalutamide [7] [8] [9] . The present results suggest that apalutamide may be associated with more favorable MFS and OS outcomes than enzalutamide. The potential difference in OS is particularly noteworthy in the nmCRPC setting, in which prolonging time to metastasis is widely viewed as the primary treatment goal [27] . The data from the current study pave the way for future studies to compare the efficacy of these agents. Ultimately, the collective body of evidence stemming from this research may help inform treatment decisions, which would benefit all patients with nmCRPC. Nevertheless, there are factors other than clinical outcomes that may affect treatment decisions, including cost-effectiveness and quality of life. Further research is warranted to evaluate these additional outcomes in patients treated with either agent.
This study is subject to limitations. As mentioned, imbalances in treatment effect modifiers can lead to violation of the assumption behind indirect comparison, which was addressed by the anchored MAIC approach. Although most clinically important baseline characteristics that may bias indirect treatment comparison results through effect modification were adjusted for, matching could only be done for characteristics reported in the PROSPER study. Therefore, it cannot be excluded that residual bias due to unmeasured confounders still exists. A direct head-to-head comparison in a clinical study would be necessary to address this potential issue and validate the findings of the present study. Between-study differences may have contributed to the OS difference observed. For example, 75.8% of SPARTAN patients received abiraterone acetate as a subsequent therapy compared with 38% of patients in PROSPER [5, 20] . The probability of one treatment being better than the other considers any difference in efficacy regardless of its clinical significance (i.e., the probability of HR \ 1). Therefore, it is yet to be demonstrated whether the differences in efficacy observed in the current study would translate into meaningful clinical differences for patients. Finally, since both studies are ongoing, the present study is based on first OS results for the two studies. Further analyses will be needed to confirm the observed OS advantage of apalutamide versus enzalutamide over a longer follow-up period.
CONCLUSIONS
This indirect comparison of the efficacy of apalutamide versus enzalutamide for the treatment of nmCRPC, based on the currently available data, suggests that apalutamide is associated with a higher probability of a more favorable MFS and OS than enzalutamide. as a whole, and have given their approval for this version to be published.
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